Objectives-To estimate the prevalence of dementia in an elderly rural population and to determine the effects of age, sex, and education. Methods-To obtain prevalence estimates of both cognitive impairment and dementia a door to door two phase population survey was carried out in three rural villages in central Italy. Of 1147 inhabitants older than 64, 968 (84-4%) completed the protocol. Results-The prevalence rates (cases per 100 population over 64) were 8-0 for dementia and 27-3 for cognitive impairment. The prevalence rate for dementia did not differ between men and women (7.9 v 8-2), but increased with age (from 1*1 at age 65-69 to 34-8 at age 90-96). Subjects with less than three years of schooling had a significantly higher prevalence of dementia (14-6; 95% confidence interval (95% CI) 10.2-19.1) than subjects with three or more years of schooling (5.9; 95% CI 4.2-7.7). At the multivariate logistic analysis, the risk related with a low level of education was still present after adjustment for age and sex (OR = 2-0; 95% CI 1.2-3.3).
The progressive aging of the population is associated with a steady increase in all age related diseases. Among these, dementing disorders cause great concern because of their peculiar disabling effects. Despite the interest in this condition, prevalence estimates show pronounced variations due to differences in case ascertainment procedures, diagnostic criteria, age distribution, and the rural or urban location of the populations studied. '8 Furthermore, education and occupation may influence the cognitive performance and increase the risk of dementia.9-'3
The present study analyses baseline data obtained in a door to door prospective population survey on cognitive impairment and functional disability of people older than 64 (AQUILA study). Here we report the effects of age, gender, and education on the prevalence of dementia.
Methods
We selected three rural villages (Poggio Picenze, Scoppito, Tornimparte) near the town of L'Aquila (central Italy) because of their population size (a total of 1147 people over 64), population stability (only 0-2% of people over 59 had moved elsewhere in the five years preceding the prevalence day), and the active collaboration offered by family doctors.
The study was conducted on all persons over 64 residing in the selected villages on the prevalence day (1 March 1992). The ascertainment of cases was made between March 1992 and February 1993 by means of a door to door two phase design. Four lay interviewers (MLB, MC, CG, and GM) and four doctors (ARC, CF, MTL, and PC) conducted the first (screening interview) and the second phases (clinical evaluation) respectively. Before the screening interview all subjects, or their relatives when appropriate, were asked for their informed consent.
SCREENING INTERVIEW
The screening interview consisted of a semistructured questionnaire (questions on education, occupation, daily life activities, previous diseases, hospital admissions, and drugs being taken) followed by the mini mental state examination (MMSE)"4 or-for people with less than three years of schooling or with physical impairments hampering the MMSE evaluation-the mental status questionnaire (MSQ). 15 The four lay interviewers were trained for three months, and their interrater reliability was tested by kappa statistics. 16 Interrater agreement, measured in 24 subjects (positive versus negative screening test), was almost perfect'7 for both MMSE (k = 0-88) and MSQ (k = 0 82).
Subjects with scores lower than 28 on the MMSE or lower than 10 on the MSQ were submitted to the second phase of the study. They were asked to undergo an ECG and routine blood tests, unless they had already had them in the previous six months.
Information about the physical and cognitive state of people that refused or died before the interview was obtained from relatives and family doctors by a scheduled questionnaire. One of the investigators (ARC) traced by phone and, whenever possible, interviewed people living in other towns.
CLINICAL EVALUATION
All subjects were examined in their place of residence within two weeks (mean seven days) of the screening interview. The examination required about two hours (range one to three hours) and included: (1) a semistructured interview of the subject's medical history integrated with the examination of all previous clinical records; (2) a close informant interview to obtain information on the medical history, current and past cognitive performances, and social and daily living activities of the subjects; the informants over 64 were judged eligible only if they had MMSE or MSQ scores above the pre-established cut off points; (3) a standard physical and neurological examination; (4) a psychiatric evaluation including the Hamilton depression rating scale (HDRS) 18; (5) a structured questionnaire designed to evaluate the six categories of the clinical dementia rating (CDR) scale'9 by asking questions on memory (facts of general knowledge and past and recent personal history), orientation (temporal and spatial), judgement and problem solving (similarities, differences, proverbs, ability to handle finances, and solving daily life problems), community affairs (job, shopping, and social activities), home and hobby activities (housekeeping, food preparation, responsibility for own medication, life at home, and hobbies), personal care (items on dressing, feeding, toileting, and continence taken from the disability rating scale of Broe et al20); questions on judgement and problem solving, community affairs, home and hobby activities were appropriate to age, occupation and education of the study population; (6) a standardised evaluation of the following cognitive functions: language (10 items on comprehension of verbal commands and sentences, followed by the first 15 items of the Boston naming test2' with a cut off point of 13/14), ideative praxis (five tasks of pantomime), ideomotor praxis (De Renzi test with cut off points adjusted for age and education of the Italian population22), and visuospatial and constructional abilities (clock drawing test23 with a cut off point of 6/7).
DIAGNOSTIC PROCEDURES
In the presence of an acute medical illness that could cause disturbances of attention or consciousness the evaluation was suspended and postponed until at least four weeks after recovery. Subjects affected by severe aphasia (unable to understand verbal commands or sentences), by severe depression (HDRS scores over 15), or by other psychiatric diseases hampering a reliable cognitive assessment were judged cognitively unclassifiable. The other subjects were diagnosed on the basis of combined data (person plus informant) using a two step procedure.
At the end of the first step we divided the subjects into three diagnostic categories: normal, cognitively impaired, and demented. We considered as normal the subjects who had normal scores in all six categories of the CDR and in all the cognitive tests. The diagnosis of dementia was made only in subjects with duration of cognitive decline of at least six months, according to the DSM-III criteria. 24 The global CDR was graded in five levels of impairment25: none (CDR 0), questionable (CDR 0 5), mild (CDR 1), moderate (CDR 2), and severe (CDR 3). We judged as demented only those subjects with a global CDR score higher than 0 5. Moreover, when physical handicaps or other factors hampered the evaluation of two or more functional categories (community affairs, home and hobby activities, and personal care) subjects were classified as demented only if all the remaining categories rated 1 or more. Lastly, subjects fulfilling neither normality nor dementia criteria were judged as cognitively impaired. This last group was divided into three different levels of impairment: memory, memory plus impairment of other cognitive functions, and memory plus impairment of other CDR categories.
At the end of the second diagnostic step, demented subjects were divided into different aetiological subgroups. To compare our findings with other studies, we collected data to rate the patients using the Hachinski ischaemic score26 (HIS), but our final diagnosis was made according to NINCDS-ADRDA27 and NINDS-AIREN28 criteria as follows: (1) probable Alzheimer's disease, when subjects had a progressive cognitive deterioration without systemic or brain disorders sufficient to produce dementia; (2) possible Alzheimer's disease, in the presence of clinical features not fulfilling the criteria of probable Alzheimer's disease, but without previous cerebrovascular events; (3) probable vascular dementia, when the onset of deterioration was abrupt and following (within three months) a recognised stroke that left focal neurological signs; (4) possible vascular dementia, in the presence of cerebrovascular events associated with clinical features not fulfilling the criteria of probable vascular dementia;(5) other dementing diseases, when a systemic or brain disorder was considered the cause of the dementia. The diagnosis was made according to the medical data, integrated with serum vitamin B 12 determination and blood thyroid function tests when appropriate. As we were unable to perform MRI or CT on all demented patients, we used these only to exclude other causes of dementia.
The interrater reliability among the four investigators was tested after three months of training. The investigators independently examined the scheduled records of 40 subjects and made the diagnosis of both dementia and dementia subtype. The level of agreement was almost perfect (k = 0 83) for the diagnosis of dementia and substantial (k = 0 68) for the diagnosis of the five dementia subtypes.
DATA ANALYSIS AND STATISTICS
We calculated age specific and sex specific prevalence rates (cases per 100 population) for (18-4%) and in farmers (30 6%) than in subjects with other occupations (13-0%). The mean age of farmers (75-2 (SD 6 6)) was higher (P < 0 01) than that of factory workers (73 7 (SD 6.0)) and of people with other occupations (73A4 (SD 6 5) ).
Of the 968 subjects who completed the protocol (fig 1) , 569 were judged as cognitively normal: 459 (47.4%, 95% CI 44 3-50 6) had negative screening tests; 110 (11-4%, 95% CI 9-4-13A4) had positive screening tests but the clinical evaluation showed neither memory nor cognitive impairment.
Fifty seven subjects were judged as cognitively unclassifiable (5 9%, 95% CI 4 4-7A4). They had aphasia due to a previous stroke (n = 8), major depression (n = 32), alcohol dependence (n = 9), schizophrenia (n = 4), severe personality disorders (n = 3), or mental retardation (n = 1). Years of education Figure 2 Association ofyears of schooling with dementia expressed as prevalence ( 95% confidence intervals). 8 but their cognitive impairment was not sufficiently severe to warrant a diagnosis of dementia.
Of the 264 subjects with cognitive impairment (27-3%, 95% CI 24-5-30 1), 149 (56-4%) had CDR memory scores of 0 5 or 1, but no other cognitive disturbances; 53 (20O1%) had memory impairment and other cognitive disturbances, but they scored 0 in the other CDR categories. The remaining 62 subjects (23 5%) had memory impairment and abnormal scores in other CDR categories; 31 of these were fully assessable and their global CDR score was 05; the remaining 31 had physical problems or daily life activities that hampered the correct evaluation of one or more CDR categories: 17 of them scored 1 in Table 4 Prevalence rates for dementia of all types by age, sex, and education (3 0%) , and severe in 13 (1-3%). The overall prevalence of dementia did not differ between men and women (P = 0 97), but increased with age in both sexes, roughly doubling every five years of age. Prevalence rates for dementia were higher in farmers (9.2%, 95% CI 6 4-11 9) and in factory workers (10-4%, 95% CI 6-2-14-7) than in housewives (5-1%, 95% CI 1-6-8-5) and subjects with other occupations (5A4%, 95% CI 2 2-8&7), but these differences
were not statistically significant (P = 0-12) (table 2). Figure 2 shows that prevalence of dementia and years of education were inversely related with a highly significant dose-effect relation (X2 for trend: P < 0-0001). When age specific and sex specific prevalence rates of dementia were stratified in two education levels, the effect of education was similar in both sexes and tended to disappear with advancing age (table 3) . At the logistic analysis, the OR for dementia of subjects with a low level of education was [2] [3] [4] [5] [6] [7] (95% CI 1-7-4.5) and was still significant when age and sex were added to the model (adjusted OR 2-0; 95% CI 1-2-3-3). The proportion of low educated patients in mild (43%) and moderate-severe (48%) demented groups did not differ significantly (X2, P = 0 76).
Of the 78 demented subjects, 50 (64%) were diagnosed as having Alzheimer's disease (37 probable and 13 possible cases) and 21 (27%) as having vascular dementia (11 probable and 10 possible cases). The remaining seven patients (9%), included in the other dementing diseases category, had Parkinson's disease (n = 4), severe cardiorespiratory disease (n = 2), or chronic renal failure (n = 1). Of the 50 patients with Alzheimer's disease, 35 had HIS scores under 5, and 15 (eight probable and seven possible) had HIS scores of 5 or 6. Of the 21 patients with vascular dementia, 18 had HIS scores over 6 and three possible cases had HIS scores of 5 or 6. Table 4 shows the age, sex, and education specific prevalence rates for Alzheimer's disease and vascular dementia. In both dementia subtypes, the prevalence rates did not differ between men and women, but increased with age and were higher in subjects with a low level of education. The age adjusted OR of subjects with a low level of education was 1-8 (95% CI 1 0-3-4) for Alzheimer's disease and 2-1 (95% CI 0 9-5 3) for vascular dementia. Discussion Differences in diagnostic criteria and case ascertainment procedures can produce pronounced variations in prevalence estimates of dementia. In the present study the overall prevalence for dementia, calculated on the 968 subjects who completed the protocol, was 8 0.
As we obtained clinical information on 95% of dropouts and 11 of them were judged demented, the prevalence would have been marginally lower (7 8) if we had calculated it on all the 1147 residents. The risk of missing demented patients before the prevalence day was minimal, given that only two of the eligible subjects had moved elsewhere during the five years preceding the study. On the other hand, if we had considered the 31 subjects with CDR memory scores of 1 and missing scores in other CDR categories as demented, the prevalence of dementia would have been (109/968). These data confirm that even small changes in diagnostic criteria can produce differences in prevalence estimates which are much more remarkable than those caused by bias in case ascertainment procedures. However, to compare our data with other population studies we have to consider the effects of other variables.
We found, as have other studies,' 2 that the prevalence of dementia increased with age, roughly doubling every five years. Although some studies69 32 have found higher prevalence rates for dementia in women than in men, ours, in agreement with others,35 did not find any relation between sex and risk of dementia. This discrepancy could be explained by the effect of other factors such as education, occupation, or socioeconomic state.
According to recent studies,9 13 illiterate or poorly educated subjects had a two to three times greater risk of dementia than highly educated subjects. Despite the low educational level of our population (only 5-5% with more than five years of schooling), we found a similar association between education and dementia. We do not think this effect stems from a bias in either screening or diagnostic procedures. It is unlikely that we missed cases of dementia among subjects with more than three years of schooling because we used an MIMSE cut off point higher than that usually employed in populations with a better level of education. Moreover, we can exclude a selection bias because the proportion of low educated subjects did not differ significantly between dropouts and participants, and three of the 11 demented dropouts had less than three years of schooling. Lastly, to prevent spurious diagnoses of dementia in low educated people, we used diagnostic criteria requiring formal evidence of functional impairment: the lack of an increased proportion of low educated subjects in the group of mild demented patients speaks against this kind of misdiagnosis.
Old age and female sex were significantly associated with low education, but we found that the association between education and dementia was still present after adjusting for these potential confounders (OR = 2-0; 95% CI 1 1-3 1). By contrast with the Shanghai study,9 we did not find any relation between female sex and a low level of education, and risk of dementia. Zhang et a19 attributed such a correlation in this study to the higher mortality in men with dementia; this bias is unlikely to be present in our population because the prevalence of dementia did not differ between men and women.
Some studies'939 have found a significant correlation between occupation and dementia, although this effect has not been confirmed by others.54 Because education, occupation, and socioeconomic state are often associated, it is difficult to determine the effect of each variable. As most subjects in our study population had manual occupations, we were unable to explore the possible effects of non-manual occupations, but we can reasonably exclude occupation as a confounder of education given that we did not find a significant association between occupation and dementia. Moreover, the potential confounding effects of cultural activities and socioeconomic state were negligible because these variables did not differ substantially in subjects with different occupations or educational levels. Lastly, although low education is a normal connotation of this rural population, we cannot exclude the possibility that a very low educational attainment was associated with low cognitive abilities or other personal characteristics likely to increase the risk of dementia. However, as the threshold of three years of education is closely related to literacy, the increased risk of dementia might be better explained by literacy than by minimal differences in years of schooling.
The proportion of cases of Alzheimer's disease (probable and possible cases grouped together) was 64%, a figure similar to the Shanghai9 (65%) and Rochester3 (67%) studies, but slightly lower than that in the Rotterdam study"' (72%). However, if we had considered all the patients with HIS scores over 4 as cases of vascular dementia, the proportion of those with vascular dementia would have increased from 27% to 46%, a figure closer to the one found in other studies that used this cut off point to differentiate Alzheimer's disease from vascular dementia.7 5 In agreement with other studies,3 5 Alzheimer's disease and 0 9 for vascular dementia. Therefore, the protective effect of education may operate by mechanisms irrespective of pathogenic determinants.
In conclusion, our data suggest that prevalence of dementia both increases with age and is inversely related to education, even in this population characterised by a limited degree of education and no substantial differences in lifestyle. The effects of age and education are similar in both sexes and in both dementia subtypes.
